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,QGLYLGXDODQWVDUHIUDJLOHEXWWKHZKROHDQWFRORQ\FDQFRPSOHWHWKHZRUNWKDWWKHLQGLYLGXDOLVXQDEOHWRXQGHUWDNHZLWKWKH
KHOS RI WKH DQW SKHURPRQH FKHPLFDO FRPPXQLFDWLRQ DQG LQIRUPDWLRQ WUDQVIHU DQG GHPRQVWUDWHG D SRVLWLYH IHHGEDFN
SKHQRPHQRQ ,W LV SHUIRUPHGE\ WKH DQWV LQ D SDWK WKH DQWV LVPRUH WKH SDWK LV VHOHFWHG SUREDELOLW\ LV KLJKHU 7KH SRVLWLYH
IHHGEDFNPHFKDQLVPDQGFRPPXQLFDWLRQPHFKDQLVPRIDQWFRORQ\DOJRULWKPLVWKHWZRLPSRUWDQWIRXQGDWLRQV7KHDOJRULWKP
KDV VWURQJ UREXVWQHVV DQG FDSDELOLWLHV LQ VHDUFKLQJ EHWWHU VROXWLRQ EXW DW WKH VDPH WLPH DOVR KDV VRPH IODZV VXFK DV VORZ







LQWURGXFHG LQDQWFRORQ\DOJRULWKPSXW IRUZDUGDNLQGRIQHZDOJRULWKPTXDQWXPDQWFRORQ\ DOJRULWKP ,Q WKLVDOJRULWKP WKH
VWDWHYHFWRUDQGTXDQWXPURWDWLRQJDWHUHVSHFWLYHO\UHSUHVHQWLQJDQGXSGDWLQJSKHURPRQHDFFHOHUDWHWKHDOJRULWKPFRQYHUJHQFH






GHSDUWXUHDFFHVV WKHUHVWRI WKHFLW\QRW UHSHDWHGUHWXUQHGWKHVWDUWLQJFLW\ILQDOO\ WKHUHTXLUHPHQWVRIDOO WUDYHOLQJVDOHVPHQWR
ILQGDVKRUWHVWURXWHWR WUDYHO:LWKWKHJURZLQJRIWKHQXPEHURIFLW\WKHVROXWLRQVSDFHZLOOJURZH[SRQHQWLDOO\WKURXJKWKH
H[KDXVWLYHPHWKRGFDQQRWVROYHWKHUHIRUHRSWLPL]DWLRQDOJRULWKPLVXVHGWRVROYHWKH763LVYHU\QHFHVVDU\6XFKDVVLPXODWHG
DQQHDOLQJ DOJRULWKP DQW FRORQ\ DOJRULWKP JHQHWLF DOJRULWKP SDUWLFOH VZDUP DOJRULWKP 7KH DOJRULWKPV KDYH UHVSHFWLYH


























P GLIIHUHQW VWDWHV'HILQLWLRQξ ξę±±@ LV WKH SKDVH RI D TXDQWXPELWξ  DUFWDQ  β α   WKH L  L   
   « P  SKDVH RI TXDQWXP ELWV LV Lξ   DUFWDQ  Lβ  Lα  WKH V\PERO LG GHQRWHV WKH SURGXFW RI WKH SUREDELOLW\ RI L 
TXDQWXPELW Lα DQG Lβ  =LG  Lβ  Lα ZKLFK LG UHSUHVHQWV WKHSKDVH Lξ RI WKHTXDQWXPELWSODQHFRRUGLQDWHV LQ WKH ORFDWLRQ
VKRZQ LQ )LJXUH  LW FDQ JUHDWO\ UHGXFH WKH VSDFH DQG WLPH WR VHDUFWKH RSWLPDO VROXWLRQ VR WKHUH LVP TXDQWXP ELW RI M 
V
SUREDELOLW\DPSOLWXGHFDQEHH[SUHVVHGDV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:KHUH L  «P ˈ> Lα ˈ Lβ @ 7 IRU WKH SUREDELOLW\ DPSOLWXGH RI WKH L TXDQWXP ELW θ L IRU WKH URWDWLRQ DQJOH RI
WKH L TXDQWXP ELW WKH VL]H DQG GLUHFWLRQ DFFRUGLQJ WR D SUHGHWHUPLQHG DGMXVWPHQW VWUDWHJ\ WR JHW ,Q WKH SDSHU WKH VL]H DQG
RULHQWDWLRQDXWRPDWLFDOO\DGMXVWHGE\DIRUPXOD)RUPXODLVDVIROORZV

  LLL I βαθθ ∗Δ= ˄˅
:KHUH θΔ  ∗ H[SW  W PD[ LWLVDYDULDEOHUHODWHGZLWKWKHQXPEHURILWHUDWLRQVWKHUROHRI θΔ LVWRFRQWUROWKHVL]HRI
WKHURWDWLRQDQJOHRIθ L:KHUHWLVWKHLWHUDWLRQQXPEHUW PD[ LVDFRQVWDQWLWLVWKHPD[LPXPQXPEHURILWHUDWLRQV I ˄ Lα ˈ
Lβ ˅LVDIXQFWLRQRI Lα DQG Lβ LWVUROHLVWRDGMXVWWKHDQJOHRIURWDWLRQRIθ L([SUHVVHGDVIROORZV

I ˄ Lα ˈ Lβ ˅ 

:KHUH LEHVWG   LEHVWLEHVW αβ   IRU WKH RSWLPDO VROXWLRQ RI WKH L TXDQWXP ELW LEHVWα DQG LEHVWβ IRU WKH RSWLPDO VROXWLRQ WR WKH
SUREDELOLW\DPSOLWXGHRIWKH L TXDQWXPELW LQRZG  LQRZβ  LQRZα IRU WKHFXUUHQWVROXWLRQRIWKH L TXDQWXPELW LQRZα DQG LQRZβ 
IRUWKHSUREDELOLW\RIWKHFXUUHQWVROXWLRQRIWKH L TXDQWXPELW LEHVWξ  DUFWDQ  LEHVWβ  LEHVWα  LQRZξ  DUFWDQ  LQRZβ  LQRZα 
LEHVWξ IRUWKHEHVWSKDVHRIWKH L TXDQWXPELW LQRZξ IRUWKHFXUUHQWSKDVHRIWKH L TXDQWXPELW'HILQLWLRQ I ˄ Lα ˈ Lβ ˅!
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 M  « Q IRUWKHMLQGLYLGXDO
RIWKH W DQGLWVGHVFULSWLRQVXFKDV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:KHUHPLVWKHQXPEHURITXDQWXPELWVLQWKHEHJLQQLQJDOO Lα ˈ Lβ  L  «P DUH  7KHLQLWLDOQXPEHURI
LWHUDWLRQVW 








M  M  




Lβ ˄ L  «P˅LQ















































{ }NM(G/ DMDD PD[  =−= 

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